Abstract. Porous surface of silica gel (SG) have been modified with long and straight chain fatty amine compounds (octadecylamine, ODA) via wet impregnation process. Initially, heat treatment with various temperature which are 100 ºC, 200 ºC, 400 ºC and 600 ºC was done to the SG before continuing with impregnation process. Characterizations by XRD of the treated samples were showed no significant difference in each diffractogram. The best temperature for heat treatment was 600 ºC (SG600) and it was referred to the ability of the SG600 type adsorbents in adsorbing CO 2 resulted from adsorption desorption isotherm of CO 2 . The 5 and 35 wt% of ODA supported on the SG600 was further characterized using XRD analysis which displayed the increasing intensity of crystalline ODA with higher percent amine loaded and shifting of the several crystalline peaks of ODA verified the interaction of SG600-ODA. These further strengthen the dispersion of ODA on the surface of SG600.
Introduction
One of the factors contributing to global warming is the increase of CO 2 concentration in the atmosphere due to the burning of fossil fuels for energy and motor vehicles demand [1] . Until Jun 2016, the CO 2 concentrations in the atmosphere are reported to have reached 406.81 ppm, and this negatively affect the environment, infrastructure and wildlife in particular. Hence, if no drastic actions are carried out, global temperature will increase up to 4 °C in the year 2100. Therefore, a lot of effort are needed in developing CO 2 gas adsorbent so that the CO 2 gas can be reused as a fuel and chemicals as a substitute to oil and gas.
Nowadays, various type of amine compounds have been selected as CO 2 sorbents because of their basicity properties which could react with acidic CO 2 gas to form a carbamate compounds. In this study, long and straight chain fatty amine compounds (octadecylamine, ODA) has been developed by loading the ODA on the surface of porous support (silica gel, SG) by wet impregnation method. In order to confirm the modification of SG, characterizations of the prepared sample have been done by using XRD and adsorption desorption isotherm of CO 2 .
Materials and Method
ODA/SG was prepared through wet impregnation method reported by Knowles et al. [2] used without further treatment and purification. After stirring for 4 h in a closed system, the mixture was rested for 1 h before sonicate (S 4000-010 Sonicator 4000) and evaporated in air for one night. The process followed by drying at 45 °C for 4 h. The modified SG and unmodified SG denoted as 5ODA/SG and 35ODA/SG. The adsorbents were characterized by XRD and adsorption desorption isotherm of CO 2 using Micromeritic ASAP 2020.
Results and Discussion
XRD patterns of SG with various temperatures in heating treatment are shown in Fig. 1 . Diffractograms for all supporters (SG100, SG200, SG400 and SG600) are very similar to each other with no significant changes were observed in the percentage of crystalline and amorphous phases as listed in Table 1 . Therefore, the variety of heat treatment temperature does not change the crystallinity nature of the SG. The emergence of a broad peak at an angle 2θ = 18˚-26˚ is represent the amorphous phase of the SG [3] . This was further supported by the higher percentage of amorphous (79.3% -83.8%) compared to the crystals of SG as refers to the Table 1 . Existence of small amount of crystals (17.2% -20.7%) in the SG is in tetragonal lattice with JCPDS card no. 9006287. However, it is quite difficult to select the SG supporter with suitable heat treatment temperature as CO 2 adsorbent. Therefore, the selection of the SG should depend on the quantity of CO 2 adsorbed by the treated SG modified with 5 and 35 wt% ODA. Based on analysis of CO 2 adsorption and desorption isotherm at a 30 °C showed in Fig. 2 , the adsorbent 35ODA/SG600 exhibit the highest quantity of CO 2 adsorption (15.61 cm 3 CO 2 /g adsorbent) compared to the other sorbents. The ascending in the quantity of CO 2 gas adsorbed by the treated SG loaded with 35 wt% ODA is as
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follows: 35ODA/SG400 < 35ODA/SG100 < 35ODA/SG200 < 35ODA/SG600. Different in capacity of CO 2 adsorbed by the modified SG is due to changes that occurred at the external and internal surface of the SG after the heat treatment. Hence, SG treated at 600 °C is the suitable supporter selected to be modified with ODA due to their ability in adsorbing higher quantity of CO 2 gas.
Fig. 2
Quantity of CO 2 adsorbed by 0, 5 and 35 wt% of ODA loaded on SG with different heat treatment temperature (SG100, SG200, SG400 and SG600) Fig. 3 displays the x-ray diffraction patterns for the SG600, ODA, 5ODA/SG600 and 35ODA/SG600 including diffractogram of the sample holder. After the addition of 5% ODA, the XRD pattern has almost identical with the SG600, indicating that the amorphous phase of SG (2θ = 18-26˚) has been preserved and stable. This is because addition of 5% ODA is considered small and unable to alter the crystallinity of SG significantly.
However, the broad peak slightly shrunk after 35 % ODA was loaded and this is because the presence of four new peaks at 2θ = 21.7˚, 22.2˚, 23.0˚ and 24.1˚ (see Fig. 3 . b(i)) which belong to the crystalline peaks of ODA [4] . The presence of a large number of Bragg peaks in the ODA diffractogram is indicative of a highly ordered ODA molecules assembly. Moreover, Salam and Burk [5] reported several uniform peaks in the ODA diffractogram were resulted from the crystalline structure of the pure ODA. ODA is an organic compound and no specific standard appeared from JCPDS database. Therefore, combination of two JCPDS database 4111888 and 7108520 which are very close to ODA showed the crystalline peaks of ODA were indexed to cubic unit cells. When comparing the diffractogram of 5 and 35 wt% ODA/SG600, the increasing intensity of crystalline peaks of ODA are proportional with the amount of ODA loaded with their crystalline lattice (-2 -2 0), (-10 -6 -2), (-10 -6 0), (-12 0 0) and (-10 -6 -6). As we observed the diffraction pattern of 35ODA/SG600, three crystalline peaks at 2θ = 22.2˚, 23.0˚ and 24.9˚ were slightly shifted towards higher angles compared to the crystalline peaks of ODA alone. This shifting occurred maybe due to the existence of an interaction between amine and surface of silica [1] .
Referring to Table 2 , ODA compounds have the highest percentage of crystal (87.0%) whereas the SG600 is dominated by amorphous phase (82.8%). SG600 modified with ODA presented decrement in amorphous percent meanwhile the crystalline percent found to be increased with the increases of ODA percent loading. All changes occurred on the modified SG600 proves that ODA molecules have successfully distributed over the SG surfaces.
532
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Summary
In summary, SG was successfully modified with ODA by wet impregnation method. This proved by the increasing of crystal percent in the modified SG. Furthermore, the presence of four crystal peaks on the diffractogram of modified SG extra confirmed the dispersion of ODA on the SG surfaces.
